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SYMPOSIUM OF SCIENTIFIC SATELLITE PROJECTS 

ABSTRACT 

Opening Address 

Kankuro Kaneshi ge 

(Chairman of t h e  Spec ia l  Committee f o r  Space Study of 
t h e  Nat iona l  Science Conference of Japan) 

A s tudy  of space sc ience  using rocke t s  has  been conducted f o r  se- 

veral yea r s ,  and observat ions on more than  t e n  phenomena have been per- 

formed every year .  Based on these r e s u l t s ,  a p r o j e c t  f o r  launching sci- 

e n t i f i c  s a t e l l i t e s  f o r  t h e  purpose of s c i e n t i f i c  observa t ions  has  been 

d iscussed  w i t h i n  t h i s  committee, as w e l l  as among s p e c i a l i s t s .  

It i s  our  purpose t o  r epor t  on t h i s  process  t o  t h e  o u t s i d e ,  and t o  

l i s t e n  t o  the  opinions of t he  people concerned which w i l l  be  h e l p f u l  t o  

t h e  p r o j e c t  sponsored by t h i s  committee. 

Thus, t h e  fol lowing speeches have been prepared f o r  t h e  purpose of 

r e p o r t i n g  on t h e  r e s u l t s  of  s c i e n t i f i c  observa t ions  via  rocke t s ,  and of 

i n t roduc ing  t h e  in te rmedia te  plan of t h e  s c i e n t i f i c  s a t e l l i t e  p r o j e c t  

of Japan. 

Current  S t a t u s  of Rocket Technology 

Akio Tamaki 

(Space and Aeronautics Laboratory of t h e  Univers i ty  of Tokyo) 

A r e p o r t  i s  made on the  development of rocke t  technology dur ing  the  

p a s t  decade. A rocke t  p r o j e c t  f o r  s c i e n t i f i c  observa t ions  of t h e  Univer- 

s i t y  of Tokyo w a s  s t a r t e d  i n  1955. The K-6 (Kappa-6) rocke t  was launched 

i n  1958 t o  an a l t i t u d e  of 60 k m t o  measure t h e  temperature  and wind d i r ec -  

t i o n .  
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I n  1959 K-8 w a s  planned t o  follow K-6. The f i r s t - s t a g e  rocke t  

The two-stage rocke t  K-8 w a s  com- of K-8 had a diameter of 420 mm. 

p l e t e d  i n  1960, and reached an a l t i t u d e  of 200 km. 

A f t e r  t he  completion of K-8, t h e  fol lowing t h r e e  p r o j e c t s  were 

c a r r i e d  out  i n  p a r a l l e l .  

1)  

2) 

3) Development of Lamda rocket .  

Development of t h e  three-s tage rocke t  K-9L; 

Improvement of K-6 and K-8; 

The K-9L made t h e  f i r s t  successfu l  f l i g h t  i n  A p r i l ,  1961, reaching 

an a l t i t u d e  of 350 km. 

For the  f u t u r e  development of t h e  four-s tage rocke t ,  Mu, t h e  

fol lowing s t e p s  are t o  be followed: 

1)  A t t i t u d e  c o n t r o l  engine. 

The enginewi l l  use t h e  vapor produced by hydrogen peroxide.  

2) Spher ica l  rocke t .  

This w i l l  be  t e s t e d  i n  space by K-420 

3) 

near  fu tu re .  

4 )  

5) 

was success fu l ly  t e s t e d  on the  ground i n  May of t h i s  year .  The 

ground test of t h e  second-stage, whose length  i s  about 1 / 3  of 

t h e  f i r s t  s t a g e ,  w a s  completed i n  March of l as t  yea r .  

6) The two-stage rocke ts  of uniform diameter  w i l l  be  t e s t e d  

wi th  r e spec t  t o  t h e i r  s t a b i l i t y  dur ing  a f l i g h t  by K-10. 

The launching tes ts  of K-10 and K-10s are planned i n  t h e  

The a t t i t u d e  d e t e c t i o n  w i l l  be t e s t e d  by K-10. 

The f i r s t - s t a g e  M - 1 0  engine of t h e  four-s tage rocke t  M-4S 
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7) Auxi l ia ry  boos te r s  w i l l  b e  developed i n  p a r a l l e l .  

S t a t u s  of Space E lec t ron ic s  

Shigebumi S a i t o  

( I n s t i t u t e  of I n d u s t r i a l  Science) 

1. In t roduc t ion  

The equipment which i s  used f o r  space e l e c t r o n i c s  and f o r  t h e  

Also t h e  f u t u r e  p lans  ground s t a t i o n  launching w i l l  be explained.  

i n  this l i n e  f o r  the  Mu rocket  w i l l  be  i l l u s t r a t e d .  

2 .  Space E lec t ron ic s  

As f o r  t he  space e l e c t r o n i c s ,  t e lemet ry ,  r a d a r ,  and command, 

are of major importance. 

The te lemetry adopts t h e  frequency modulation method and t h e  

t ime-divis ion m u l t i p l e  method. The frequencies  are 225 M c  % 298 Mc. 

There are t h r e e  recorders  having 15 channels ,  r e s p e c t i v e l y ,  a t  t h e  

ground s t a t i o n .  

There are two antennae f o r  space communication. One i s  30 m 

i n  diameter l oca t ed  a t  Kashima, owned by t h e  Wave Propagat ion La- 

bo ra to ry ,  the  o t h e r  i s  a t  J u o j i  owned by the  I n t e r n a t i o n a l  Tele- 

phone and Telegram Company of Japan, and i s  20 m i n  diameter .  

The one having a diameter  of 18 m i s  used f o r  r ece iv ing  tele- 

metry s i g n a l s  from t h e  rocke t .  Also a h e l i c a l  antenna i s  used f o r  

r ece iv ing  po la r i zed  waves. 

Radars are equipped s o  as t o  determine t h e  l o c a t i o n  of rocke ts  

dur ing  f l i g h t .  The s i g n a l s  from t h e  ground s t a t i o n  which are 
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pulse-modulated a t  the  ra te  of 250/sec 

t h e  t ransponder  c a r r i e d  by t h e  rocket ,  and they are t r ansmi t t ed  

back t o  t h e  ground. 

t h e  round-tr ip  t i m e  of t h e  s igna l s .  

by d e t e c t i n g  t h e  azimuth and e l eva t ion  angles  of t h e  antenna. There 

are two radars .  One i s  an antenna having a diameter of 2 m, another  

i s  a pa rabo l i c  r ada r  which i s  4 m i n  diameter .  

833/sec are rece ived  by 

The d i s t ance  t o  t h e  rocke t  can be  measured by 

I ts  l o c a t i o n  can be  determined 

Parametr ic  ampl i f i e r s  w i th  extremely low no i se  temperature are 

used f o r  t he  receiver t o  d e t e c t  very weak s i g n a l s .  

Commands which w i l l  be s e n t  t o  s t o p  t h e  i g n i t i o n  of t h e  second 

and t h i r d  s t a g e  i g n i t o r s  f o r  emergency are c a r r i e d  by t h e  410 M c  

wave. This carrier i s  modulated by two audio tones.  

The t e l e v i s i o n  which w i l l  be c a r r i e d  by t h e  rocke t  has been de- 

veloped dur ing  these  two yea r s ,  and i s  wa i t ing  f o r  t h e  rocke t  t o  

c a r r y  it. 

A s  a f u t u r e  p lan ,  a con t ro l l i ng  r a d a r  i s  requi red  t o  take  d a t a  

of  t h e  a r t i f i c i a l  s a t e l l i t e  i n  r e a l  t i m e .  The accuracy of the  con- 

ven t iona l  r a d a r  w a s  about 100 m i n  d i s t a n c e  and 0.1" 6 '  i n  angle .  

However, one having an accuracy of less than  10 m i n  d i s t a n c e ,  and 

30" i n  angle ,  i s  now on t h e  planning boards.  A real-time computer 

w i l l  be  i n s t a l l e d  f o r  processing d a t a  i n  real  t i m e  and f o r  f i l t e r i n g  

d a t a  s o  as t o  i n d i c a t e  t h e i r  es t imated va lue ,  and f o r  t r ack ing  t h e  

rocke t  so  as t o  p r e d i c t  i t s  fu tu re  t r a j e c t o r y .  

For te lemet ry  of t h e  s c i e n t i f i c  sa te l l i t e ,  t h e  FMFM scheme w i l l  

Besides a d i g i t a l  scheme, t h e  so-ca l led  PCM scheme w i l l  b e  adopted. 
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be  introduced,  t ak ing  advantage of t h e  d i g i t a l  computer. 

A s  f o r  t h e  command s i g n a l  t o  t h e  s a t e l l i t e ,  a s p e c i a l  command 

system of approximately 15 i t e m s ,  which i s  very r e s i s t a n t  t o  n o i s e ,  

i s  be ing  developed. 

A l i g h t  communication us ing  gas laser f o r  commanding i s  a l s o  

under inves t iga t ion .  

3. Ground Equipment f o r  Launching Rockets 

E lec t ron ic  equipment f o r  launching rockets  belonging t o  t h e  ex is -  

t i n g  ground system a t  the Rageshiza station ITP i l l u s t r a t e d  i n  d e t a i l .  

Achievements by Rocket Observations 

Kenichi Mayeda 

(Engineering Department, Univers i ty  of Kyoto) 

Observat ional  Object ives  

Atmospheric s t r u c t u r e ;  

temperature ,  d i r e c t i o n ,  and speed of wind. 

Ionosphere,  space plasma; 

dens i ty  of e l e c t r o n s  and i o n s ,  energy d i s t r i b u t i o n  of thermi- 

i o n i c  e l e c t r o n s ,  i o n i c  composition. 

Magnetic and e lectr ic  f i e l d ;  

permanent magnetic f i e l d ,  d a i l y  v a r i a t i o n  of magnetic f i e l d ,  

magnetic p u l s a t i o n ,  l o c a l  magnetic f i e l d ,  e l ec t r i c  f i e l d .  

Wave propagat ion penomena; 

wave propagat ion,  electro-magnetic wave n o i s e  e l e c t r o n  den- 

s i t y  (doppler  method, impedance method), number of impacts 

(decaying method). 
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e) Radia t ion  ( l i g h t )  ; 

atmospheric l i g h t ,  s o l a r  u l t r a v i o l e t  r ay ;  X-ray, y-ray . 
f )  P a r t i c l e  rays ;  

cosmic r ays ,  pseudo-cosmic r ays ,  l i g h t  p a r t i c l e s ,  heavy par- 

t i c les .  

2 .  Survey of Observations 

a) Atmospheric s t r u c t u r e .  

The observa t ions  of wind and temperature  have produced d a t a  be- 

iow 5G ‘b 60 km throiighout the f a r  seaco~?s.  This w a s  u s e f u l  f o r  

s tudying  the  so-ca l led  p reva i l i ng  wind. 

Observations of wind above 80 km are be ing  conducted under t h e  

i n t e r n a t i o n a l  cooperat ive program. 

b )  Ionosphere,  space plasma. 

The dens i ty  d i s t r i b u t i o n  between E and F l a y e r s  was c l a r i f i e d  

f o r  day- and n i g h t  t i m e  by the  measurement of ca t ron  dens i ty .  Elec- 

t r o n  dens i ty  and temperature were measured t o  an a l t i t u d e  of 1000 km 

by K-9, L-2 and L-3. 

c) Electr ic  f i e l d ,  magnetic f i e l d .  

A s l i g h t  d i scon t inu i ty  of t he  magnetic f i e l d  d i s t r i b u t i o n  w a s  ob- 

se rved  a t  an a l t i t u d e  of 105 kmby the  f lux-gate  type magnetometer re- 

cen t ly .  

d) Wave propagat ion phenomena 

The s tudy of wave propagation n o i s e  w a s  s t a r t e d  long ago. How- 

ever, no s i g n i f i c a n t  r e s u l t s  have been obta ined ,  except  f o r  d a t a  on 

t h e  lower-frequency band noise .  
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e )  Radiat ion ( l i g h t ) .  

The a l t i t u d e  of t h e  atmospheric l i g h t  dur ing  t h e  n i g h t  t i m e  

(5557 1) w a s  determined. 

a l s o  observed a t  t h e  v i s i b l e  range of 2,000 % 3,000 i. 
t i o n s  are intended t o  s tudy  t h e  phenomena of  e x c i t a t i o n  and resonance 

of 0 2 ,  NO, and 0 i n  the  day t i m e  by s o l a r  u l t r a v i o l e t  r ays ,  and t o  re- 

l a t e  them wi th  t h e  i o n i c  dens i ty  and t h e  e l e c t r o n  temperature i n  t h e  

ionosphere.  

The atmospheric l i g h t  i n  day t i m e  was 

These observa- 

f )  Par t ic le  rays .  

Experiments us ing  GM counters have been conducted s i n c e  t h e  e a r l y  

s t a g e s ,  i n  o rde r  t o  acqui re  t h e  v e r t i c a l  d i s t r i b u t i o n  of cosmic r ays  

up t o  an a l t i t u d e  of 1,000 km. 

Experiments using PHA have been s t a r t e d  t o  c l a r i f y  t h e  type o f ,  

and energy d i s t r i b u t i o n  o f ,  p a r t i c l e  rays  i n  t h e  range j u s t  below t h e  

Van Allen b e l t .  

The S c i e n t i f i c  S a t e l l i t e  P r o j e c t  
(From the  Technical Po in t  of View) 

Hideo Itogawa 

(Space and Aeronautics Laboratory)  

1. Is i t  necessary  t o  develop a rocke t  system f o r  launching s c i e n t i -  

f i c  sa te l l i t es  i n  Japan? 

Those coun t r i e s  such as England, Canada, I t a l y  and France have al- 

ready asked NASA of U.S.A. t o  launch t h e i r  s a t e l l i t e s .  

of  asking NASA t o  launch s a t e l l i t e s  l i e ,  i n  t h e  f i r s t  p l ace ,  i n  t h e  

f a c t  t h a t  i t  can save expense fo r  r e sea rch  and development, e s p e c i a l l y  

t h e  expense r e l a t e d  t o  t h e  research and development of rocke ts .  

The advantages 

I n  
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t h e  second p lace ,  t he  expenses f o r  t r ack ing  s t a t i o n s  can be  dispen- 

sed  with.  However, t h e  disadvantage of asking NASA i s  t h a t  i t  takes  

a t  least t h r e e  yea r s  f o r  such procedures as p resen t ing  t h e  p r o j e c t  of 

Japan t o  NASA, e s t a b l i s h i n g  a l i a i s o n  committee, and t e s t i n g  t h e  satel-  

l i t e  equipment by NASA. Therefore i t  w i l l  be  delayed f o r  1 - 2 years  

over  t h e  M4S p r o j e c t  undertaken by Japan h e r s e l f .  

The advantages of launching rockets  by Japan h e r s e l f  are: (1) i t  

w i l l  b e  achieved earlier than asking NASA t o  do so; (2) h e r  own pro- 

j ec t  can be  planned; (3)  i t  can dispense wi th  t h e  loss caused by the  

long res idence  of  s c i e n t i s t s  and engineers  o u t s i d e  t h e  country;  (4) 

t e c h n i c a l  output  of research  and development w i l l  c o n t r i b u t e  t o  t h e  

indus t ry .  

Thus, t he  conclusion of the speaker  i s  t h a t  launching by our  

own hands using M4 w i l l  be  more advantageous than r eques t ing  NASA t o  

do so ,  although he does n o t  exclude t h e  p o s s i b i l i t y  of t h e  la t ter .  

2. Conditions t o  be considered f o r  launching rockets .  

a) Economy; 

b) Safe ty ;  

c) Taking advantage of the  technique which has  a l ready  been 

developed. 

Although t h e  Kappa and Lamda series are hopeless  as o r b i t i n g  

satel l i tes ,  t h e  Mu rocke t  may be  used f o r  t h a t  purpose. 

d) Control.  

A new guidance c o n t r o l  method i s  proposed which i s  t o  release 

the  s a t e l l i t e  a t  t h e  i n s t a n t  when t h e  rocke t  reaches i t s  h i g h e s t  
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poin t .  

e) Level of t h e  indus t ry .  

S u f f i c i e n t  technology has been developed t o  produce a rocke t  

having a diameter of 2 m, s o  t h a t  t he  product ion o f  Mu rockets  (1.4 m) 

i s  no problem. The d e t e c t o r s  t o  be used f o r  t h e  a t t i t u d e  c o n t r o l  

have been developed based on these  b a s i c  devices  - namely, gyro,  mag- 

n e t i c  f i e l d  senso r ,  and s o l a r  sensor.  The engine f o r  t h e  a t t i t u d e  

c o n t r o l  us ing  hydrogen peroxide has a l ready  been designed. The tech- 

r?ologg of te lemet ry  and r ada r  w i l l  be  s u f f i c i e n t  w i th  t h e  cu r ren t  

e l e c t r o n i c s  technology of Japan. 

However, t he  technique f o r  da ta  process ing  has  no t  been com- 

p l e t e d  y e t .  The real-time d a t a  process ing  technique must be  f u r t h e r  

developed. 

S c i e n t i f i c  Sa t e l l i t e  P r o j e c t  

Kunio Hirao 

(Wave Prop agat i on Labor a t  o ry ) 

1. Instruments 

Instruments f o r  measurement of t he  wave propagat ion n o i s e ,  cosmic 

r a y s ,  i ons ,  e l e c t r o n  dens i ty  and temperature w i l l  b e  c a r r i e d  by t h e  

f i r s  t s c i e n t  i f i c  s a t e l l i t e  . 
A severe r e s t r i c t i o n  on these instruments  w i l l  be  t h e  power l i m i -  

t a t i o n .  

be  developed. 

Output s i g n a l s  which a r e  s u i t a b l e  f o r  t h e  PCM te lemet ry  must 
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. 

2. Power Source 

The f i r s t  s a t e l l i t e  may r equ i r e  about 20 W power which w i l l  

b e  suppl ied  by approximately 3,000 s o l a r  c e l l  elements.  A s  a secon- 

dary b a t t e r y ,  which i s  charged by t h e s e  s o l a r  cells ,  a Nickel-Cadmium 

b a t t e r y  w i l l  be  s u i t a b l e .  

3 .  S t r u c t u r e  

The s t r u c t u r e  of t h e  sa te l l i t e  must be designed s o  as t o  endure 

seve re  condi t ions  during t h e  launching phase and t o  s a t i s f y  t h e  ob- 

jectives of t h e  experiment during t h e  o r b i t i n g  phase.  

4 .  Telemetry, Program Timer, Tape Recorder, and Command 

The PCM te lemet ry  method i s  adopted f o r  t h e  te lemet ry  of t h e  

satel l i tes .  It has  been decided t h a t  one frame c o n s i s t s  of 32 words, 

one word c o n s i s t s  of e i g h t  b i t s ,  and two frames w i l l  be  used wh i l e  

one frame takes  2 seconds. 

5 .  Antenna System 

It i s  d e s i r a b l e  f o r  t h e  antenna t h a t  t he  i n t e n s i t y  of r ece iv ing  

s i g n a l s  does n o t  change with the a t t i t u d e  of t h e  space c r a f t .  Per- 

haps the  one used f o r  t h e  IMP and UK sa t e l l i t e s  w i l l  be  adopted. 

6 .  Mechanical Environment 

Various tests must be performed on t h e  space-craf t  t o  determine 

t h e  e f f e c t  of shock, v i b r a t i o n ,  and a c c e l e r a t i o n  dur ing  t h e  launching 

phase of rocke ts .  Also t h e  spinning balance of t h e  space-craf t  i s  an 

important  problem. 

7. P a r t s  and Components 

R e l i a b i l i t y  of more than  ten thousand p a r t s  and components which 
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c o n s t i t u t e  a space-craf t  becomes a s e r i o u s  problem. 

8. Thermo-vacuum Environment 

The thermionic ba lance  between t h e  s o l a r  r a d i a t i o n  and t h e  

h e a t  loss  of t h e  space-craf t  during t h e  o r b i t i n g  phase i s  t o  be main- 

t a i n e d  i n  such a way t h a t  t h e  inner  temperature w i l l  remain around 

room temperature.  The a c t i v e  con t ro l  of such a h e a t  balance f o r  a 

s m a l l  s a t e l l i t e  i s  very d i f f i c u l t .  

by p a i n t i n g  the  s u r f a c e  of t h e  space-craf t  wi th  s u i t a b l e  materials. 

Pass ive  con t ro l  may be performed 

9. Radia t ion ,  X-rays, U l t r a v i o l e t  Rays 

So-called r a d i a t i o n  damage i s  expected on s o l a r  cells and on 

t r a n s i s t o r  elements i f  t h e  s a t e l l i t e  o r b i t  passes  through the  Van Allen 

b e l t .  Therefore ,  r a d i a t i o n  tests on t h e  components becomes necessary.  

10. Data Acquis i t ion  and Tracking 

The equipment f o r  te lemetry and t r ack ing  a t  t h e  ground s t a t i o n  

are inves t iga t ed .  The method of d a t a  r educ t ion  i s  discussed.  The 

o r b i t  determinat ion us ing  t h e  doppler method i s  s t u d i e d  f o r  t racking .  

Closing Speech 

Nobom Takagi 

Various aspec ts  of t h e  s c i e n t i f i c  sa te l l i tes  have been discussed 

i n  t h i s  symposium. It may r equ i r e  a t  l eas t  two yea r s  f o r  completion 

of  t h e  mul t i - s tage  M rocke t .  It w i l l  be  f i r s t  t e s t e d  as an observa- 

t i o n a l  rocket .  The ground systems must be completed by then. Many 

t e c h n i c a l  problems must also be so lved  i f  a s c i e n t i f i c  s a t e l l i t e  i s  
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launched by the M rocket. 

self should be started immediately. 

Also the development of the satellite it- 
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